Diagnosing breast carcinoma that has metastasized to body cavity fluids can be difficult. Recently, immunostaining for the facultative glucose transporter Glut-1 has been described as a sensitive and specific means of detecting carcinomas in effusions. However, only five cases of breast carcinoma were studied. We examined Glut-1 specifically as a means of detecting breast carcinoma in effusion cytology. Using avidin-biotin immunocytochemistry, cell block material from 31 cases of breast carcinoma metastatic to body cavity effusions and 33 cases of benign effusions were studied. All cases were immunostained with the Glut-1 antibody. An additional set of slides from these same cases was stained for mucin using the Mayer's mucicarmine technique. Slides were graded for percentage of cells exhibiting immunoreactivity for Glut-1 or for the presence of mucin. Results of staining for both Glut-1 alone and in combination with mucicarmine were compared between the benign and malignant groups. Of the breast cancer cases, 19 of 31 (61%) were immunoreactive for Glut-1, and 25 of 31 (81%) were positive for either Glut-1 or mucicarmine. One of the 33 (3%) benign cases was immunoreactive for Glut-1, and none were positive for mucin. These data suggest that using Glut-1 as a single immunostain or in conjunction with mucicarmine is a specific but modestly sensitive means of detecting breast carcinoma in this cytologic setting.
The cytologic dilemma of distinguishing malignant cells from benign mesothelium has attracted a variety of novel diagnostic techniques, none of which are widely accepted for clinical use. The time, expense, or technical demands of such techniques as polymerase chain reaction (1) , in situ hybridization (2-4), silver nuclear organizing region staining (5, 6) , or flow cytometry (7) limit their usefulness in most hospitals. Immunostaining with a diversity of antibodies has been reported over the years (8, 9) , Included in this investigative effort are antibodies against CA15-3 (10), MOC-31 (11), the fragile histidine triad (12) , and p53 oncogene products (13) . For all this, Bedrossian (14) has suggested a simple panel of periodic acid-Schiff with diastase and carcinoembryonic antigen to detect adenocarcinoma in serous effusions.
The Glut-1 protein is one of at least six glucose transport proteins found in various human cells (15) . Glut-1 is normally expressed in human blood-brain barrier, placenta, and erythrocytes (16) . Recent investigations have also described its expression in skin and its adnexae (17) . Much investigation of Glut-1 expression has involved various non-small cell carcinomas of the lung and, to a lesser extent, the colon and other organs (18 -20) . Burstein et al. (21) examined Glut-1 expression in serous effusions and found Glut-1 expression in 93.5% of malignant and 20% of benign cases studied. This study included five cases of breast carcinoma, four (80%) of which exhibited immunoreactivity to Glut-1. Because metastatic breast carcinoma may defy easy diagnosis, we examined the panel of Glut-1 and mucicarmine as a means of detecting this malignancy in serous effusions.
MATERIALS AND METHODS
Thirty-one cases of malignant effusions from patients with known breast carcinoma were studied. These patients had no history of any other malignancy. Thirty-three additional cases of benign serous effusions served as controls. These control cases had no clinical history or suspicion of malig-nancy. The medical history of the benign cases is summarized in Table 1 . Some of these cases have been reported previously (10, 12, 22, 23) . The cell blocks had cellular material present on the last hematoxylin and eosin-stained slide cut. Fourmicrometer sections were cut onto positively charged glass. After drying, the slides were deparaffinized in xylene and rehydrated in graded ethanol. No antigen retrieval was performed.
Staining for Glut-1 was performed using a modified avidin-biotin complex method on an Optimax Plus automated immunostainer (Biogenex, San Ramon CA). Briefly, slides were incubated with hydrogen peroxide for 5 minutes, followed by a 10-minute incubation with CAS protein block (Zymed Laboratories, South San Francisco, CA) for 10 minutes. Incubation with the Glut-1 antibody was for 1 hour at room temperature, with an antibody dilution of 1:100. After incubation with the primary antibody, the slides were incubated with a multilink secondary antibody (Zymed) for 30 minutes, followed by incubation with a horseradish-peroxidase conjugate (Zymed) for another 30 minutes. Diaminobenzidine (Zymed) was applied for 5 minutes, and the slides were then counterstained with hematoxylin. Sections of normal cerebral cortex were used as a positive control. Well-preserved erythrocytes, when present in the tissue section, served as internal positive controls. Mucicarmine staining was performed using the Mayer's method and normal colon as a positive control.
Slides stained for Glut-1 were evaluated for the presence of a well-defined membranous staining pattern using a 10ϫ or 20ϫ objective. Cytoplasmic staining without distinct membranous staining was disregarded. Slides stained with mucicarmine were assessed for the presence of cytoplasmic staining. One cell with clearly defined mucin present rendered the entire case positive for malignancy. Evaluation of slides was performed in a blinded fashion. After evaluation, the diagnoses were unblinded, the two groups of cases compared, and the 2 test used to determine statistical significance.
RESULTS
All cases were successfully stained for Glut-1 and all but one malignant case, for mucicarmine. The results are shown in Table 2 . Nineteen of 31 (61%) cases of breast carcinoma exhibited some immunoreactivity for Glut-1, with an average of 26% of tumor cell exhibiting immunoreactivity (Fig. 1) . In six cases, Ͻ10% of tumor cells were immunoreactive. Fifteen of 30 (50%) malignant effusions exhibited mucin staining; six of these cases were negative for Glut-1. Altogether, 25 of 31 (81%) of malignant cases were detected by this panel of stains.
Only one of 33 (3%) benign cases contained immunoreactive cells, and these comprised Ͻ1% of all cells present (Fig. 2) . These immunoreactive cells were also morphologically benign. None of the benign mesothelium cases exhibited mucin staining. Overall, the sensitivity of Glut-1 for detection of metastatic breast carcinoma in serous effusions was 61%, and its specificity compared with detection of benign mesothelium was 97%. When used in combination with mucicarmine, the sensitivity was 81%, and the specificity was 97% (P Ͻ .001).
DISCUSSION
The challenge of discriminating malignant cells from reactive mesothelium has led cytopathologists to investigate a variety of immunostains and laboratory techniques as diagnostic adjuncts. Typically, an antibody panel of carcinoembryonic antigen, Ber-EP4, Leu M-1, and B72.3 is employed. In 1998, Bedrossian (14) reported a panel of carcinoembryonic antigen and periodic acid-Schiff-D to be the most reliable panel for discriminating mesothelium from carcinoma. More recently described antibodies such as CA15-3 (10), MOC-31 (11), and p53 (clone DO-7; 13), although showing promise, will have to pass the tests of time and further study. Simply stated, a reliable, easy, and relatively inexpensive method of detecting adenocarcinomas in serous effusions has yet to be found.
The task of identifying breast carcinoma in serous effusions can be especially difficult. A previous report described the performance of Glut-1 in serous effusions and reported a high sensitivity and specificity in this cytologic setting (21) . Included in this work were five cases of metastatic breast carcinoma, four (80%) of which were reported as positive. In contrast, a study of surgical pathology material examined 11 cases of breast carcinoma and found only 45% of them to express Glut-1 (24) . Data presented here falls midway between these two prior studies. Specifically, 19 of 31 (61%) cases were immunoreactive for Glut-1. The combination of mucicarmine and Glut-1 detected 81% of breast tumors. Although respectable, this performance is less than that of other individual immunostains such as CA15-3 and BCA-225 (10, 23) . Of the 16 breast carcinoma cases studied with both Glut-1 and CA15-3, 100% stained with CA15-3, compared with 10 of 16 (63%) for Glut-1. Similarly, of those cases studied with BCA-225 and Glut-1, 17 of 19 (90%) stained with BCA-225, and 12 of 19 (63%) stained with Glut-1. Even though Glut-1 is not as sensitive as CA15-3, BCA-225, and other immunostains, its specificity may prove clinically useful for detecting breast carcinoma in this cytologic setting. There is also evidence in the surgical pathology literature to suggest that Glut-1 may prove to be a sensitive means of detecting lung or colon carcinoma in serous effusions. Further study will be needed to determine whether Glut-1 is superior to carcinoembryonic antigen and periodic acid-Schiff-D or other panels for detecting these other malignancies in this cytologic setting.
CONCLUSION
Glut-1 is a glucose transport protein frequently expressed in many malignancies, including breast carcinoma. However, data presented here suggest that a modest number of metastatic breast carcinomas express this antigen in serous effusions. Thus, Glut-1 may be of limited diagnostic value in this cytologic setting.
